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The uncertainty of predicted fluxes, variables of state, cloud- and precipitation formation to 
the choice of plant- and soil parameters, soil type, subgrid-scale heterogeneity and 
inhomogeneity is examined by results of simulations wherein one parameter is alternatively 
changed for all grid cells of the domain within its natural range of variability. A higher 
sensitivity of evapotranspiration to evaporative conductivity, roughness length, and subgrid-
scale heterogeneity or inhomogeneity is found than for the other parameters examined. Except 
for wind velocity, the quantities of liquid and solid water substances the uncertainty is lower 
at night and early afternoon than at other times. Therefore, evaluation of meteorological 
models should be performed at those times of the day when the uncertainty in model results 
caused by the choice of plant and soil parameters is at a minimum. Furthermore, domain-
specific parameters should be used when ever available. 
Zusammenfassung 
Die Unsicherheit in simulierten Flüssen, Zustandsgrößen, Wolken- und Niederschlagsbildung 
durch die Wahl der Pflanzen- und Bodenparameter, Bodentypen, subskaligen Heterogenität 
und Inhomogenität wird mit Hilfe von Ergebnissen aus Simulationen untersucht, in denen 
alternativ für alle Gitterzellen ein Parameter im Rahmen seiner natürlichen Variabilität verän-
dert wird. So besteht eine höhere Sensitivität der Evapotranspiration zur Verdunstungsleitfä-
higkeit, Rauhigkeitslänge und subskaligen Heterogenität oder Inhomogenität als zu den ande-
ren untersuchten Größen. Windgeschwindigkeit, die Menge an flüssigen und festen Wasser-
substanzen ausgenommen, ist die Unsicherheit nachts und am frühen Nachmittag geringer als 
zur übrigen Zeit. Deshalb sollten Modellevaluationen möglichst zum Zeitpunkt geringer 
Unsicherheit durchgeführt werden. Darüber hinaus sollten, wenn möglich, gebietsspezifische 
Parameter verwendet werden. 
1. Introduction 
Land-surface characteristics are important boundary conditions for mesoscale meteorological 
models to describe the exchanges of water, energy, and matter (e.g., carbon dioxide, isoprene, 
terpene, etc.). In numerical models, the complicated physical mechanisms of biosphere and 
geosphere and their interaction with the atmosphere must be parameterized. In these parame-
terizations, plant- and soil-physical characteristics are simplified by few parameters. Thus, 
land-surface parameterizations usually apply prescribed values of soil- or plant-parameters 
either in some kind of „big-leaf"-approach or statistical-dynamic approach based on 
probability density functions of these parameters ( e.g., A vissar 1991 ). In so doing, pregiven 
parameter sets are assigned to each soil- and vegetation type (e.g., Tab. 1). 
Ideally, the plant and soil characteristics should be mapped as continuous distributions 
to capture the gradients and mixtures in soil and vegetation within an area of interest (e.g., a 
grid cell). However, even to assign soil-physical parameters and/or a land use-type to an area 
is not unambiguous ( e.g., Mölders et al. 1997 a). Soil hydraulic and other surface properties 
vary not only strongly in space, but also in time. Herein, they may be influenced by previous 
weather conditions. Globally, vegetation characteristics, for instance, vary by seasonality, 
growth, leaf type, water availability, elevation, slope, type and intensity of disturbance (e.g., 
fire history, cultivation, insects, drought, etc.). Soil hydraulic conductivity and albedo, for 
example, depend on soil moisture and thus on preceding precipitation. Nevertheless, if appro-
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3. Design of the study 
In the system earth-atmosphere, the fluxes, temperature and moisture states are closely related 
to the surface characteristics that are not exactly known in the spatial and temporal 
distribution. To investigate the uncertainty caused by ignorance of the exact values of surface 
parameters, a set of simulations is performed with GESIMA using its original (Tab. 1) and 
altered parameters. Since there exists no data at the resolution of the model domain the results 
obtained by the simulation with the parameters of Table 1 are arbitrarily taken as a reference. 
In carrying out the uncertainty analysis, only one parameter is changed concurrently for all 
land use- and soil types in each simulation. In the case of an altered albedo, for instance, 
albedo is altered, while all other surface parameters are taken from Tab. 1. Out of the abun-
dance of possible variations of these parameters, one change is performed for each parameter. 
In a further set of simulations, subgrid-scale heterogeneity is considered alternatively with and 
without subgrid-scale inhomogeneity. 
The statistical behavior of the effects of different surface parameters is evaluated by 
frequency distributions of simulated water- and energy fluxes, state quantities as well as 
cloud- and precipitating particles. In so doing, probability density functions are determined 
using hourly data provided the quantity of interest of the entire simulation time within the 
inner grid by the different simulations. The probability density function of a quantity is given 
by (Olberg and Rak6czi 1984) 
pdf(X) = P(X ~X~ X+LlX) IM (1) 
where p is the frequency in the interval (X, x+M). 
Ogunjemiyo et al. (1997) modified a given procedure by Jackson et al. (1989) for 
comparing data fields containing different parameters or for comparing data fields of same 
parameters that are recorded at different times. Friedrich (1999) modified this method for 
comparing results obtained by simulations assuming different land use distributions. In the 
present study, this procedure is adapted for comparing the results obtained by simulations with 
altered surf ace parameters, only one soil type, or with subgrid-scale heterogeneity and 
inhomogeneity to those of the reference simulation. In so doing, the simulated quantities (e.g., 
variables of state, fluxes, etc.), X1, at the grid-point j on the distribution field are transformed 
into a set of values z1, by subtracting the domain-averaged value and normalizing the 
difference by the standard deviation of the differences S (see Ogunjemiyo et al. 1997). The 
similarity between two transformed distributions is now established on the basis of similarity 
in the sign of Zrpairs (Ogunjemiyo et al. 1997) as 
C = m+n 
s 
m+n+p 
(2) 
where Cs is the similarity coefficient, m, n, and p are the numbers of Zrpairs with mixed, 
negative, and positive signs. The similarity coefficient ranges from zero (no similarity) to 1 
(absolute agreement). Application of the similarity coefficients points out those surface char-
acteristics to which the results are the less sensitive, i.e., which surface parameters yield simi-
lar results with respect to the value of the same surface parameters taken in the reference 
simulation. Furthermore, the time variance of uncertainty in the simulated quantities which is 
caused by soil and plant parameters can be detected. 
4. Results 
Generally, the absolute differences in all quantities are greater during daytime than nighttime 
because of the strong interrelation between the atmospheric water cycle and energy budget. 
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However, in the upper troposphere, predicted temperature, humidity, and cloud distributions 
are hardly affected. In cloudy regions, somewhat greater differences occur resulting from 
differences in phase transition processes, vertical motions, turbulence or radiative cooling. 
Compared with the mid and upper troposphere, the uncertainties in predicted variables of state 
caused by the choice of plant and soil parameters are greater in the ABL. Here, the differences 
in humidity and air temperature increase when approaching the earth' s surface. Generally, 
below clouds, differences in evaporation of rainwater or in sublimation of ice more strongly 
affect the distribution of specific humidity than the diff erences in evapotranspiration. 
As compared to the reference simulation, simulated air- and ground-temperatures, 
humidity, soil moisture, and cloud distributions will differ more strongly if either capillarity or 
field capacity are doubled, surface emissivity is set equal to 1, volumetric heat capacity or 
thermal diffusivity are enhanced by 10%, or subgrid-scale heterogeneity with and without 
subgrid-scale inhomogeneity are considered. The variables of state, fluxes, cloud- and precipi-
tating particles predicted by the simulation with a homogeneously sandy loam or by the simu-
lations carried out with a 10% reduced albedo, a doubled evaporative conductivity or rough-
ness length slightly differ from those obtained by the reference simulation. The horizontal 
wind field will be altered significantly at some locations if thermal diffusivity or alternatively 
volumetric heat capacity are increased by 10%. For brevity, in the following, only the results 
obtained with those parameters that cause appreciable uncertainties in predicted variables of 
state, cloud- and precipitating particles, or fluxes are discussed in more detail. 
Generally, primary differences result from the changed plant- or soil-parameters. Due 
to the use of a mass-weighted saturation mixing ratio (Mölders et al. 1997b) secondary differ-
ences result from the specific saturation mixing ratios. Consequently, as in nature, in a warmer 
atmosphere, less cloud water and ice are formed and less rainwater is built by autoconversion 
and coalescence than in a cooler one. This behavior means that if the choice of plant- or soil-
parameters modifies air temperatures, the partitioning between the cold and warm path of 
precipitation formation processes will be altered, too. A warmer and drier ABL leads to a re-
tarded onset of cloud-formation and higher leveis of cloud bases. 
4.1 Albedo 
Albedo, among others, depends on latitude, diurnal course, season, cloudiness, terrain-slope, 
soil moisture, soil- and/or vegetation type (e.g., ldso et al. 1975, Baumgartner et al. 1977) as 
well as on wind speed (e.g., Bettsand Ball 1997). Over areas of several square kilometers, the 
spatial variability of albedo may even vary more than 10% - snow-covered areas excepted 
( e.g., Pielke et al. 1993). Albedo of various soils range from 0.05 to 0.35 and the values of 
grass albedo vary from 0.16 to 0.3 where the individual variability within a given community 
may be even smaller (e.g., Pielke 1984). Betts and Ball (1997), for instance, determined the 
time-averaged mean albedo of grass from long-term observations at the same location as 
0.194 with a standard-deviation of ±0.021. For aspen, pine and spruce they found a standard-
deviation of about 10% of the mean value. 
To examine the uncertainty caused by the choice of albedo a simulation is carried out 
for which surface-albedo is reduced by 10% of the values taken in the reference simulation 
(Tab. 1). The reduced albedo leads to an increase of the vertical motions as well as the fluxes 
of sensible and latent heat (see also evapotranspiration in Fig. 1). With increasing simulation 
time, an decrease of albedo results in a higher probability of greater values of specific 
humidity, cloud-water, rainwater, and ice (e.g., Fig. 1). Moreover, the reduced albedo leads to 
an intensified precipitation (locally more than 4%) and, consequently to an increased soil 
moisture. These results substantially agree with the findings of Charney (1975). Furthermore, 
the precipitation areas extend more largely in the simulation with reduced albedo than in the 
reference simulation. Note that, in the simulation with reduced albedo, soil temperature 
distribution is smoother than in the reference simulation, i.e., extreme values of soil 
temperature occur less frequently. 
6 
~ 
-:!:, 
~ 0.10 
0.01 
0.2 0.4 0.6 0.8 1 .0 
Cloud water mixing ratio (g/kg) 
10.00 
0 
~ 1.00 
s 
'O 0.10 Q_ 
0.01 
0.2 0.4 0.6 0.8 1.0 
Rainwater mixing ratio (g/kg) 
s 
u 
Q_ 
10.00 
1.00 
0.10 
0.01 
0 
1.00 ° 
0.2 0.4 0.6 0.8 1.0 
lce mixing ratio (g/kg) 
§: 0.10 6 
u 
Q_ 
0.01 . 
0 1 2 3 4 5 
Evapotranspiratian (kg m-2 d- 1) 
Fig. 1. Probability density functions of cloud water, q0 ice, qi, rainwater, qn and 
evapotranspiration, ET, (upper left to lower right) as determined for the reference 
simulation (grey circles) and simulation with a 10% reduced albedo (diamonds). Note that 
y-axis is logarithmic and that scaling of the x-axis is different for evapotranspiration than 
for the water substances. 
4.2 Emissivity 
Emissivity of vegetation, waters, and soils varies with space and time. Although the earth's 
surface does not radiate like a black body, it is often dealt like that in mesoscale models. Here, 
a sensitivity study is performed assuming an emissivity of 1 for all surfaces. 
~ 
-:!:, 
10.00 ~' 
1.00 °J> o-
-g_ 0.10 0.10 15 Cl.. 
0.01 0.01 
0.2 0.4 0.6 0.8 1 .0 0.2 0.4 0.6 0.8 1.0 
Claud water mixing ratio (g/kg) lce mixing ratio (g/kg) 
„,. 
1.00 ° 
~ 
s s 0.10@ ~ 
-g_ 0.10 u 
Q_ 
0.01 0:0~ ~1~1 f:k'1~ 
......_~---~"'-""'""-"''---,,,..,.~··~·~~ 
0.01 {j 
[ . 
0.2 0.4 0.6 0.8 1 .0 0 1 2 3 4 5 
Rainwater mixing ratio (g/kg) Evopatranspiratian (kg m- 2 d-1) 
Fig. 2. Like Fig. 1, but for the reference simulation (grey circles) and simulation with a 
surface emissivity equal to 1 ( diamonds ). 
On average, an emissivity of 1 yields to a cooler ABL (locally more than 1 K at reference 
height located in 10 m above ground) and drier (locally more than 0.6 g/kg at reference 
height) than the emissivity values taken in the reference simulation. Moreover, ground 
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temperatures (up to 5 K), and the frequency of high evapotranspiration rates or high mixing 
ratios of cloud and precipitating particles decrease at the benefit of a higher frequency of 
lower values (e.g., Fig. 2). Consequently, maximum precipitation decreases. Thus, cloud- and 
precipitation patterns alter appreciably, too. Net radiation and soil heat fluxes grow 
appreciably due to the increased emissivity. Here among other, the altered cloudiness (see also 
Fig. 2) plays a role. Due to the modified insolation (see also Fig. 2) the partitioning of incom-
ing solar energy shifts towards lower values of Bowen-ratio in the case of a surface emissivity 
of 1. At some locations, the fluxes of sensible and latent heat decrease up to 50 wm-2 for a 
surface emissivity of 1 (see also evapotranspiration in Fig. 2). Note that the differences that 
arise by use of a surface emissivity of 1 are lower in stationary one-dimensional- than in three-
dimensional-studies. Seemingly, in the latter, the feedback processes with altered cloudiness 
and the modified dynamic behavior of the atmosphere, especially in the ABL, play a key role 
that should not be underestimated. 
4.3 Roughness length 
Roughness length ranges from 10-5 m over smooth ice to 10 m over high buildings (e.g., Oke 
1978). Over some surfaces, for instance, long grass or water, roughness length may be 
expressed as a function of friction velocity (e.g., Pielke 1984). Usually, roughness length is 
assumed to be equal to 10% of canopy height. Such an approach, however, ignores the density 
of stand, form of object and spatial distribution of roughness elements (e.g., Oke 1978). As 
shown by Kramm ( 1995), the relationship between roughness length and canopy height, z0/h, 
decreases with increasing height of stand, h. Since canopy height varies both spatially and 
temporally, the roughness length of a given vegetation type may alter more than one order of 
magnitude (e.g., Pielke 1984). 
To investigate the influence of roughness length on simulated fluxes, variables of state 
as well as cloud- and precipitating particles, a simulation is performed assuming a double as 
high roughness length than in Table 1. The altered roughness length modifies mixing and 
thus, the mechanical state of turbulence. Because of the increased roughness length on low 
level moisture convergence, ground temperatures, Bowen-ratios, the mixing ratios of 
precipitating particles (Fig. 3), and strong precipitation slightly increase. On the contrary, the 
mixing ratios of cloud water and light precipitation decrease. The positions of the cloud- and 
precipitation fields shift (about 4 km) upstream. 
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Fig. 3. Like Fig. 1, butfor the reference simulation (grey circles) and simulation with doubled 
roughness length (diamonds). 
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4.4 Thermal diffusivity and volumetric heat capacity 
In nature, soil temperature and soil moisture are coupled. Since on time scales of a couple of 
days thermal conductivity (=thermal diffusivity times heat capacity) and volumetric heat ca-
pacity of the substrat influence each other only slightly, these effects are usually neglected in 
short-term predictions in mesoscale modeling. Thus, decoupled equations to describe the 
energy- and water-transport within the soil are commonly applied. Heat capacity mcreases 
with increasing soil moisture for most soil types ( e.g., Oke 1978). 
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Fig. 4. Probability density functions of net radiation, Q, soil heat fluxes, G, sensible, H, and 
latent heatfluxes, LE, (upper left to lower right) as determinedfor the reference simulation 
( grey circles) and simulation with a 10% increased thermal diffusivity ( diamonds ). Note 
that scaling of the x- and y-axis is different. 
Thermal diffusivity is more than double as high for a relative volumetric water content of 0.5 
than of 1 (at saturation). Since, as will be explained later, soil moisture is usually much lower 
than saturation, thermal diffusivity and volumetric heat capacity are alternatively enhanced by 
10% of their values in Tab. 1 to elucidate the sensitivity of meteorological predictions to the 
choice of these parameters. Comparing the results of these studies with those of the reference 
simulation shows that evapotranspiration, specific humidity, cloud water, rainwater, and ice as 
well as maximum precipitation decrease for enhanced volumetric heat capacity as well as for 
enlarged thermal diffusivity (e.g., Fig. 4). On average, in the case of enhanced thermal 
diffusivity or volumetric heat capacity, the ABL and soils are cooler (locally more than 1 K 
and 5 K, respectively) than in the reference simulation. The bimodal frequency distribution of 
soil heat fluxes weakens and becomes smaller (Fig. 4). The frequency of high values of 
sensible heat fluxes decreases in favor to lower values. Altogether the partitioning of 
incoming energy shifts towards lower Bowen-ratios. The changes in cloud- and precipitating 
particles strongly alter net radiation which again contributes to the modification of the fluxes 
of sensible and latent heat (e.g., Fig. 4). 
4.5 Field capacity 
Field capacity is usually defined as that value of water content remaining in the soil after 
downward gravity drainage has ceased (Bear 1988). However, this definition is not a 
quantitative specification. Therefore, this point is frequently discussed in the literature (e.g., 
Bear 1988). Field capacity depends, among others, on soil structure and -texture, grain size 
9 
distribution, permeability, temperature, and air pressure. For instance, the field capacity of 
recultivated areas varies more than 20%, on average (e.g., Wünsche 1995). 
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Fig. 5. Like Fig. 1, butfor the reference simulation (grey circles) and simulation with doubled 
field capacity ( diamonds ). 
In GESIMA, field capacity is formulated as an integral value representative of the uppermost 
soil layer. Thus, it depends on the thickness of this layer. To examine the sensitivity of 
predicted quantities and fluxes on this parameter value, field capacity values are doubled 
(Tab. 1 ). The results show only a slight sensitivity to the choice of field capacity on a short 
time scale (1 d). The simulation carried out with a doubled field capacity, on average, 
provides a moister and warmer lower ABL as we11 as slightly higher surface temperatures than 
the reference simulation, although there is a slight shift of the maximum and minimum values 
towards lower values. Evapotranspiration increases for great evapotranspiration rates, while it 
decreases for intermediate rates (Fig. 5). Compared with the results of the reference 
simulation the mixing ratios of cloud water, rainwater, and ice, precipitation intensity as we11 
as the extension of precipitation fields slightly decrease when a double as high field capacity 
is chosen (Fig. 5). In particular, high mixing ratios (> 0.15 g/kg) that seldom occur in the 
reference simulation, do not occur at a11 after doubling field capacity. 
Changes are greater in areas of intermediate and high evapotranspiration, e.g., after 
precipitation or over water meadows. This finding is not surprising. In the model as we11 as in 
nature, soil wetness is usually below field capacity for most of the time and most locations 
due to the atmospheric demands by evapotranspiration. Excess soil water is usua11y drained 
until field capacity is reached. 
4.6 Capillarity 
Below field capacity, soils contain capillarity water, in form of continuous films around the 
soil particles that are held by surface tension. This water is available to plants (e.g., Bear 
1988). By capillarity rise water may move from a near-surface water table or dammed water, 
or water may reach the root zone or the earth's surface if evapotranspiration removes so much 
water that an upwards directed hydraulic gradient develops. Thus, besides the soil physical 
and geological conditions, capillarity rise depends on vegetation and atmospheric conditions. 
Comparing the results achieved by a simulation with a double as high capillarity than 
in Table 1 and those of the reference simulation shows that doubling capillarity decreases soil 
temperatures, near-surface air temperatures, humidity, specific mixing ratios of cloud- and 
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precipitation particles, precipitation as well as the fluxes of sensible and latent heat (e.g., Fig. 
6). At some locations, soil temperatures, air temperatures, and specific humidity differ more 
than 2 K, more than 0.5 K, and up to 0.5 g/kg, respectively. Furthermore, the wind field 
changes appreciably due to modified cloudiness. On average, in the simulation with doubled 
capillarity, probability density functions of net radiation and soil heat fluxes shift towards 
higher values and Bowen-ratios decrease as compared with the reference simulation. Net 
radiation and soil heat fluxes are appreciably altered by altereded cloudiness (e.g., Fig. 6). 
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Fig. 6. Like Fig. 4, butfor the reference simulation (grey circles) and simulation with doubled 
capillarity ( diamonds ). 
4. 7 Soil type 
According to Eagleson (1982) climate, soil, and vegetation evolve synergetically. Thus, in 
many atmospheric models, soil type is related to land use (e.g., Eppel et al. 1995). Areas of 
same land use with different soil types may yield different evapotranspiration rates under the 
same meteorological conditions. These differences increase with decreasing soil wetness and 
with increasing differences in soil wetness of various soils (Keese 1997, personal communi-
cation). 
To examine the sensitivity of predicted quantities and fluxes on the choice of soil type, 
a simulation is carried out for which only sandy loam covers (ks = 0.73· 10-6 m2/s, CsPs = 
2.1·106 J/(Km\ ac = 0.002 kg/(m3s), wk = 0.004 m) the entire model domain. Land use, 
however, is distributed as in the reference simulation. The results of this simulation are 
compared with those of the reference simulation for which soil type is related to land use 
according to Table 1. 
In the case of sandy loam, the lower ABL is slightly warmer and drier than in the ref-
erence simulation. At some locations, air temperatures or humidity simulated by the reference 
simulation and by this sensitivity study differ more than 0.5 K and 0.5 g/kg, respectively. The 
uniform soil type results in a more homogeneous distribution of soil heat fluxes, soil wetness 
factors, evapotranspiration (e.g., Fig. 7), and near-surface specific humidity than the 
heterogeneous soil of the reference simulation. In the case of evapotranspiration and surface 
temperatures, however, areas of same land use may still be identified clearly. This means that 
the knowledge of land use distribution plays an important role to adequately determine surface 
fluxes and variables of state. Fluxes of sensible heat slightly increase for uniform sandy loam 
as compared to the reference simulation. On the contrary, latent heat fluxes, on average, 
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decrease for the former as compared to the latter (see evapotranspiration in Fig. 7). 
Consequently, on average, Bowen-ratios shift towards higher values for uniform sandy loam. 
In the case of uniform sandy loam, cloud fields form at the same places than in the 
reference simulation, but their rainwater- and ice- mixing ratios are lower at the very begin-
ning of the integration time due to lower evapotranspiration (see also Fig. 7). Lateron, 
however, cloud fields are less horizontally extended. The different heating and water vapor 
supply to the atmosphere modify the cloud- and precipitation microphysical and related dy-
namical processes (see also Fig. 7). Thus, differences in cloud- and precipitating particles 
(e.g., Fig. 7) grow with progressing simulation time. As compared with the reference simula-
tion, probability density functions are skewed towards lower values in the simulation with 
uniformly sandy-loam-covered domain. Thus, uniform sandy Ioam results in a strongly altered 
precipitation pattern. Herein, the areas of maximum precipitation are shifted downstream. 
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Fig. 7. Like Fig. 1, butfor the reference simulation (grey circles) and simulations with sandy 
loam throughout the domain. 
4.8 Minimum and maximum evaporative conductivity 
Maximum and minimum stomatal conductivity corresponds to the reciprocal value of mini-
mum and maximum resistance. In the immediate vicinity of a leaf, micrometeorological 
conditions differ from those of other leafs within the same canopy. Moreover, micrometeoro-
logical conditions continuously vary due to the changing position of leafs (e.g., inclination, 
orientation, height of stand, shading, ventilation, etc.). Obviously, stomata assimilate quickly 
to the continuously altering micrometeorological conditions. Therefore, stomatal resistances 
range over several orders of magnitude although the stand is seemingly homogeneous (e.g., 
Avissar 1991). Due to this natural variability latent heat fluxes may vary appreciably over 
even small distances in nature. 
To examine the uncertainty due to evaporative conductivity, the values of this parame-
ter are doubled. Compared with the reference simulation, the ABL and the soil heats slightly 
more when maximum evaporative conductivity is doubled. Evapotranspiration, cloud- and 
precipitation particles as well as the horizontal extension of precipitation fields slightly 
decrease. Therefore, slightly less precipitation occurs. In areas of high Bowen-ratios in the 
reference simulation, Bowen-ratios grow further for doubling evaporative conductivity. The 
seemingly small sensitivity results from the fact that under the meteorological situation of this 
study, maximum conductivity is seldom achieved. 
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4.9 Subgrid-scale heterogeneity and inhomogeneity 
In contrast to the strategy of dominant land use (which means that the dominant land use type 
within a grid cell is assumed to be the representative one for the determination of surface 
fluxes), the explicit subgrid-scheme allows to heterogenize fluxes (subgrid-scale heteroge-
neity) and precipitation within a grid cell (subgrid-scale heterogeneity plus inhomogeneity). 
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Fig. 8. Like Fig. 1, but (a) for the reference simulation (grey circles) and simulation with 
subgrid-scale heterogeneity (diamonds), and (b) for the reference simulation (grey circles) 
and simulation with subgrid-scale heterogeneity and inhomogeneity ( diamonds). 
On average, in the case of consideration of subgrid-scale heterogeneity, the ABL is drier (up 
to 0.5 g/kg) than in the reference simulation. This fact results from the lower fractional 
coverage by strongly evapotranspiring land use types as compared to the reference simulation 
(see Fig. 1 in Mölders and Raabe 1996). As expected, specific humidity differs the greatest 
where the characteristics of the dominating land use type differ very strongly from those of the 
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non-dominating land use types within a grid cell (e.g., over the boundaries of suburbs or along 
the coast). Herein, the degree of heterogeneity seems tobe of less importance. 
In the cases that subgrid-scale heterogeneity or subgrid-scale heterogeneity and inho-
mogeneity are considered, cloud-base height seems to be closely related to the heterogeneity 
of the underlying surface. This finding may be explained by the more continuous water supply 
to the atmosphere of large, homogeneous than heterogeneous areas. For the latter, grid cell 
area-averaged evapotranspiration may be appreciably influenced by subgrid-scale land use and 
(if considered) inhomogeneity (see also Fig. 8). Due to the stronger vertical motions and 
higher reaching clouds that establish under consideration of heterogeneity (and inhomoge-
neity) a more shower-like precipitation occurs than in the reference simulation. Precipitation 
formation via the ice phase is enhanced in the former as compared to the latter case. 
lf subgrid-scale inhomogeneity is additionally considered within a grid cell, areas of 
same land use may differ in soil moistures, soil- and ground temperatures, soil heat fluxes as 
well as sensible and latent heat fluxes after a precipitation event. Here, inhomogeneity of soil 
moisture, soil- and ground temperatures provides great differences in evapotranspiration (see 
also Fig. 8). Consequently, the Bowen-ratios will shift towards lower values as compared to 
the case where only subgrid-scale heterogeneity is considered (e.g., Fig. 8). Nevertheless, on 
average, Bowen-ratios are higher than in the reference simulation. 
On average, at day, soils will heat more strongly if subgrid-scale inhomogeneity is 
additionally considered. In this latter case, grid cell area-averaged surface temperatures show 
up to 2 K values that results among other from reduced cloudiness. There exists a shift 
towards higher frequencies of lower ice- and rainwater mixing ratios as compared to the 
simulation without subgrid-scale inhomogeneity, but with heterogeneity. In the ABL in areas 
of high degree of heterogeneity, air temperatures achieve significantly higher (more than 0.5 K 
in the daily average in the first layer above ground) values than in the reference simulation if 
subgrid-scale heterogeneity and inhomogeneity are considered. 
4.10 Similarity 
The similarity coefficients between the fields of the plant and soil parameter distributions used 
in the reference simulation and those used in the parameter studies amount 0.9999, 0.9999, 
0.9846, 0.9898, 0.9926, 0.9941, 0.9951, and 0.9956 for thermal diffusivity, volumetric heat 
capacity, emissivity, albedo, roughness length, field capacity, capillarity, and maximum 
evaporative conductivity, respectively. In the case of the simulation with consideration of 
subgrid-scale heterogeneity, similarity eoefficients amount 0.8303, 0.8052, 0.8344, 0.8521, 
0.8677, 0.8857, 0.8975, and 0.8869 for thermal diffusivity, volumetrie heat eapaeity, 
emissivity, albedo, roughness length, field eapaeity, capillarity, and maximum evaporative 
eonduetivity, respeeti vely. 
Looking at the similarity eoeffieients of wind veetor eomponents, specifie humidity 
and air temperature (all taken) at reference height as well as of the fluxes are similar before 
sunrise (e.g., Fig. 9). Moreover, these quantities and fluxes are less influeneed by the uneer-
tainty of soil and plant parameter in the early afternoon than before noon or later afternoon or 
early evening. However, there exists a greater uneertainty for field capacity, eapillarity, 
emissivity, volumetrie heat capaeity, thermal diffusivity, and soil type than for albedo (Fig. 9). 
The greatest dissimilarities in specific humidity, air temperatures and the u-eomponent of 
wind-veetor oeeur for field capacity, emissivity, and thermal diffusivity about two hours after 
sunrise (Fig. 9). The simulated distributions are less similar for specifie humidity than for air 
temperature as well as the v- and w-components of the wind-vector. The similarity eoeffi-
eients show that the partitioning of the excess water vapor between cloud water and ice ean be 
signifieantly affeeted by the choice of field capacity, capillarity, volumetrie heat eapacity, 
thermal diffusivity, and surface emissivity (Fig. 9). Note that these findings are also 
manifested by probability density functions and Student-t-tests. The fields of cloud- and 
precipitating particles are less similar in the lower than upper troposphere. Here, the largest 
dissimilarities occur for cloud water and ice. This dissimilarity (e.g., Fig. 9) means that the 
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cold- and warrn-path rnicrophysical processes are significantly altered for field capacity, 
capillarity, volurnetric heat capacity, and thermal diffusivity. Consequently, onset and 
intensity of precipitation are changed, too (Fig. 9). The uncertainty caused by field capacity, 
capillarity, volurnetric heat capacity, and thermal diffusivity exceeds that resulting frorn 
subgrid-scale heterogeneity and inhorngeneity (e.g., Fig. 9), although, as pointed out before, 
the pararneter fields are rnore sirnilar for the forrner than the latter. 
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Fig. 9. Temporal development of similarity coefficients as obtained for ( a) precipitation, 
specific humidity and air temperature both at reference height and (b) cloud- and 
precipitating particles for altered albedo (grey solid lines), field capacity (grey dotted 
lines), capillarity (grey dashed lines), emissivity (black solid lines), volumetric heat 
capacity (black dotted lines), thermal diffusivity (black dashed lines), subgrid-scale 
heterogeneity plus inhomogeneity (black dash-dotted lines), respectively. 
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5. Conclusions 
Simulations are carried out for which the soil and plant parameters are alternatively changed 
within the range of their natural variability. These parameters may appreciably, but differently 
affect simulated quantities. In the interaction between evapotranspiration, clouds and precipi-
tation, a decrease of albedo, for instance, leads to lower Bowen-ratios and more precipitation. 
A doubling of field capacity or maximum evaporative conductivity, however, minders precipi-
tation. Herein, the influence of maximum conductivity exceeds that of field capacity. Except 
for soil types and soil-parameters, there is a higher sensitivity of evapotranspiration to evapo-
rative conductivity and roughness length than for other parameters examined here. Moreover, 
probability density functions as well as similarity coefficients show that the partitioning of 
excess water vapor between cloud water and ice can be significantly affected by the choice of 
field capacity, capillarity, volumetric heat capacity, thermal diffusivity, and surface emissivity. 
The various plant and soil parameters affect simulated quantities differently at differ-
ent times of the day. Except for cloud- and precipitating particles, the simulated results are 
less influenced by the uncertainty of soil and plant parameter at night and in early afternoon 
than at the other time of the day. This surprising time-dependency of uncertainty suggests that 
evaluation of meteorological models should be performed at those times of the day when the 
uncertainty in model results caused by the choice of plant and soil parameters is at a 
minimum. In so doing, seemingly right predictions for the wrong reasons can be avoided 
which by chance may be caused by the choice of plant- and/or soil-parameters. 
Thus, one may conclude that more affords on the development of soil-vegetation-at-
mosphere-schemes that are able to consider the variability range of the soil and plant 
parameters is a substantial need. The greater similarity of the results obtained by the reference 
simulation and simulation with subgrid-scale heterogeneity and inhomogeneity than that of the 
results obtained by the reference simulation and simulations with altered soil and plant 
parameters suggests that plant and soil parameters have a greater impact on simulation results 
than subgrid heterogeneity and inhomogeneity. Nevertheless, the uncertainty caused by ne-
glecting of subgrid-scale heterogeneity and inhomogeneity also shows that soil-vegetation-
atmosphere-schemes should also include the effects of subgrid-scale heterogeneity and inho-
mogeneity. Furthermore, one may conclude that domain-specific parameters should be used 
when ever available. This also means that parameter sets should be updated when the model 
domain is changed, instead of using a universal parameter set for all applications. 
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